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Deterioration of Oxide-Coated Cathodes under Low Duty- Factor Operation *t 
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Tlic behavior of oxidr cathodes coaled on a nickel alloy containing almul 0.1 |iercenl silicon has Itcen 
investigated under tU) |>ercent and sero duty tailor operation. The o[<eralion of these cathodes at Mm 
duty factor was fount! to lie highly favorable to the development of a high resistance in a layer of B»,.SiO, 
located at the interface 1*1 ween the oxide and the core. The layer itself was present not only in calhodi-s 
that had aged without electron emission and had developed interface resistance, hut also in cathodes tli.n 
had aged with electron emission and had not developed interface resistance. A model is presented to account 
for the experimental observations. Evidence is also presented which shows that an "active" nkkel alloy 
that does not lead to undue interface resistance formation may eiist. 



I. INTRODUCTION 

ONIhK cathodes coated on an active-nickel -alloy 
core§ often fail before a thousand -hours life when 
l hey are o|»eraled at a low duty factor, due to the 
development of a high internal resistance. This failure 
has been recognized to l>c a major difficulty by the 
several groups now engaged in the construction of 
computers. 1 Tulws similar to those that failed in com- 
puter service have been fount! to last thousands of 
hours when they are operated wilh continuous emission 
current. 

The imernal cathode resistance of the failures could 
be accounted for by the hypo thesis of an "interface 
resistance." The phenomenon of interface resistance 
has been investigated in connection with cathode spark- 
ing by Eisenstein, 11 Dan fort ii and (lold water,' Mufter,* 
Wright,* and others. These workers found that in 
cathodes coated on cores containing impurity concen- 
trations of several percent, a layer of an insulating 
compound was formed at the interface between the 



r H. 1. Interface resistance measurement a. No interface 
resistance, b. Interface resistance 
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oxide and the core, by chemical reaction between tin- 
oxide and an impurity. 

The depentlence on duty factor, doubted by some, 
was. a fundamental, feature of the deterioration that 
could not I* accounted for i>n the basis of existing 
knowledge of interface resistance. Then- wis no ade- 
quate data to determine whether the deterioration «.i- 
also associated with a loss of emission, as would Ite 
expected from the work of Wright,* 

II EXPERIMENTAL PROCEDURES 

The research performed may be divided into two 
experiments. The firs! was a study of the behavior nf 
cathodes coated on a commercial active-nickel alloy 
under high and low duty factor operation; the second 
was an investigation into the dependence on the history 
of electron How through the interface of the resistance 
and "activation energy" of an interface resistance on a 
high silicon nickel core. 

A. Experiment I 

Diodes similar in electrode structure to the ASTM 
"Standard Diode"|| were chosen for the study of cathode 
behavior under high and low duty-factor operation, 
since these diodes could be obtained in the necessary 
quantities from the Raytheon Manufacturing Com- 
pany, K who produced them under carefully controlled 
conditions. With the exception of the alumina -coated 
tungsten heaters and the 699 nickel alloy cathode cores, 
all metallic parts of the diodes used were of 409 nickel 
alloy. Typical analyses of the two alloys are as follows " 

699 Si, 0.095 percent ; Fe, 0.072 ; Mn, 0.085 , 
Mg, 0.14; Cu, 0.006; Ti, 0.008 

499 Si, 0.008 percent ; Fe, 0.033 ; Mn, 0.008- ; 
Mg, 0.009- ; Cu, 0.009, Ti, 0.003. 

Forty diodes were aged in four panels of ten tuttes 
each at a cathode temperature of HOtTK. Diodes in 
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Panels I and 11 were aged with an eleuron emission of 
of) ma |>er cm*. Tubes irr Panels III a tit I IV were aged 
without electron emission. The tubes of Panel III had 
their anodes connected la their Cathodes, while those 
(if Panel IV had their anodes at —1)0 volts di with 
respect to their cathodes, to simulate the effect of cut- 
off operation in a pentode or triode. 

The tutses were tested periodically for dc emission, 
pulsed emission, and interface resistance. The dc 
emission measurement was made at a cathode tempera - 
lure of about 600° K, with an applied anode g>otential 
of 4.5 volts The average emission obtained at zero 
hours life was iwtween thirty ami forty mtcroamjXTCS, 

The pulsed emission measurement was made at a 
• afhodc tem|x-raiure of Q 40°K by applying to the diode 
a single one-millisoond .tttf)-volt pulse from a thyratron 
pulser, and observing the emission by means of a 
synchroscope with a long-persistence screen. The aver- 
age pulsed emission obtained at zero hours life was 
about 0.5 amp per cm'. 

The interface resistance measurement was made by- 
pulsing the diode at constant current space-charge- 
limited in 2J microsecond pulses and observing the 
voltage across the diode during the pulses with a syn- 
ehroscof>e.tt Under these conditions, if the cathode has 
no interface resistance, the voltage pulse appearing 
across the diode is "square," and equal in height to the 
potential necessary to draw the constant pulse-current 
space -charge -limited, as shown in Fig. la. If the 
cathode has an interface resistance, a voltage builds up 
across this resistance during the pulse, as in Eq. (1): 



l- = i#[l-exp(-*//fC)]. 



(t) 



R and C are the effective interface resistance and 
capacitance, respectively, and i is the constant pulse- 
current. Since the pulse length is 2| microseconds and 
RC is of the order of a microsecond or less, V varies 
from zero to within a few percent of iR during the pulse. 
When the diode is pulsed at constant current spare- 
charge- limited, the potential difference between the 
surface of the cathode and the anode must remain con- 



stant during the pulse. Any change in the potential 
difference across the cathode must" be compensated for 
by a change in the pHenttal difference across the tube, 
t'onsequently. if the cathode has an interface resistance, 
the voltage pulse across the diode is.no longer "square," 
but has the time-varying interface potential sujier- 
imposed upon it, as shown in Tig. lb. 

To simplify the identification of _an interface re- 
sistance, the measurement was made at a reduced 
cathode tcmj>erature (°40°K.). Because of the high 
negative lem[>erature coefficient of interface resi-tanre, 
the resistance at °40°K is a fac tor of live or more 
greater than at the normal o]K*rating temperature of 
1050*K. 

Note that a voltage pulse similar to that shown in 
Fig. lb would l>e observed under the conditions of the 
interface resistance measurement if the cathode of the 
IviIr' under test had no interface resistance, but its 
emission were decreasing with time during the pulse. 
To eliminate this uncertainly, the pulsed emission was 
measured a i the same tern [>cra lure as the interface re- 
sistance, and the variation of the emission with time 
was directly observed with the synchroscope. Since no 
tulws ever showed any detectable decrease in emission 
with lime up to ten microseconds, voltage pulses having 
the shape shown in lig. lb cottttl I*' u^ed as* evident e 
for the presence of interface resistance 

Result* of Exf><rimi-nt I 

The results of the dc and pulsed emission measure- 
ments are shown in Kigs. 2 and .1, respectively. Kach 
]H>int represents the average emission from the lulu's of 
the pane) of ten, normalized to the average amission of 
the same tubes at zero hours life. Notice that, up to 
4.1 Id hours life, there is no significant difference in 
behavior among the four panels as far as emission is 
i oncerned. 

The results of the interface resistance measurements, 
shown in Fig. 4 in the form of a survival curve, show a 
striking difference in behavior between tubes aged at 
zero duty factor and lubes aged at 100 percent duty- 
factor. Only one tube from Panels I and II failed, while 
all but three from Panels III and IV had failed at 4.1 1ft 



tt A brief description erf l he ctm»t«ru -current pul*er u given La 
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Fig. 4. Survival against interface resistance. 

hours. The criterion for failure used in plotting Fig, 4 
was the presence of any detectable interface resistance. 
The resistances of failures from Panels III and IV 
ranged from forty to about a thou'sand ohms. There was 
no difference between Panels III and IV. 

At the conclusion of the aging program, x-ray diffrac- 
tion and spectrochemical analyses were performed. For 
the identification of the interface compound by x-ray 
diffraction, samples were prepared by molding together 
(with Duco cement) scrapings from the interfaces of 
three cathodes whose coatings had been removed. tj 
One sample was prepared from cathodes with interface 
resistance from tubes of Panels III and IV, and another 
from cathodes without interface resistance from tubes 
of Panels I and II. The layer of interface compound was 
visible in ail of these cathodes as a grayish discoloration 
of the core; no difference between the two categories 
could be detected in the layer by visual examination. 

Prints made from the pa Items obtained from the 
two samples are shown in Fig. 5. They are quite similar ; 
in each pattern, the heavy lines are caused by nickel, ' 
while the line lines at low angle are due to BajSiO*. In 
each case, Ha»Si( > 4 is a major constituent of the 
scrapings from the interfaces. From this evidence, it 
may be concluded that a layer of BajXif >, is present at 
the interface, not only in cathodes that have aged with- 
out electron emission and have developed interface 
resistance, but also in cathodes that have aged with 
electron emission and have not developed interface 
resistance. 

Three categories were chosen for spectrochemical 
analysis : 

A. Tubes without interface resistance (Panels I and 

ID; 

B. Tubes with interface resistance (Panels III and 

TV);. 

C. Tubes without interface resistance (Panels III 

and IV). 

Four samples were obtained from each of these cate- 

tl The identification of die interface compound wan attempted 
from patterns taken using the entire core (with coating removed) 
as a sample. However, the layer of interface a impound was too 
thin to jpve detectable line* on the patterns. 



GtTMip Sample 


Si 


Impurity conpmlrmtluo In % 
Kr \ln M. Co 


Ti 


A (a) 

Cb) 


OH"! 

0.012 


0(127 
0.010- 


0062 

ml 


0011 
0.002- 


00O65 
0.0042 


nil 
nil 


B (a) 

lb) 


0.026 
012 


0.028 

0010- 


0.12 

nil 


0.03$ 
0.002 


now 

0.0037 


nil 
nil 


C (a) 
Cb) 


0.036 
0012 


0,022 
0.010- 


0.057 
nil 


0042 
0.002- 


0U0S2 

00046 


nil 

nil 



#499 alloy* 0.008 0.033 0.008 0009- 0.009 0.003- 

Sample (a) anode surface. 
Sample (b) anode volume. 



• T ifpM.il tnaiyior. turatahed by Mr. Jimn Cardell of the Kayihw 

Minufii Turint Company, prlvstr communiralion 

go ries, as follows : 

a. Surface of anode ; 

b. Bulk of anode ; 

C. Cathode coating plus surface of nickel core; 
d. Bulk ol nickel core. 

The results of the spectrochemical analyses are shown 
in Tables I and II. \ote that in every case, the con- 
centration of impurities is greater in the anode surface 
than in the bulk of the anode. This may lie ascribed to 
a contamination of the anode surface by impurities 
evaporated from the cathode. A comparison of analyses 
for group A and group B indicates I hat it is unlikely 
that the results obtained under the interface-resistance 
measurement are due to a systematic difference in 
impurity content between tubes of Panels I and II 
and tubes of Panels III and IV. 

A significant difference in impurity content is shown 
in the sample labelled "cathode coating plus surface of 
nickel core" of group (.*, which consisted of tubes thai 
aged without electron emission without developing 
interface resistance. The iron concentration in thi* 
sample is only one- tenth as great as in the same sample 
ol group B (interface-resistance failures), Meager 
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Fig. 5, X-ray diffraction patterns of interface compound 
a. Cathodes with interface resistance h. t alhodrs without intei 
face resistant r 
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i.i'iui Sample 



Impurity cuoceatratlon in % 
Fc Mo M| Cu Ti 



A (r) 0.iS 16 048 0043 0084 0.027 

• .I. 0048 010 Q0S4 0.011 0.007 0010- 

B id 0.17 10 0.035 0057 0056 0.050 

'dl 042 0.084 0.044 0.0084 0074 010 

{' iti 027 0.010 0.052 0.059 00046 0022 

td) 0.OJ2 0.096 0.070 0.0U 0.0074 0.010- 

#6W«lby 0095 0.072 0.085 0.14 006 008 

Sample (c) dialing plus surface uf nickel cure. 
Sample til) bulk of nickel core. 



•T>pu«l •niivui, fumuhrd hy Mi. J*me» C»n)ell of ilie R»ylSeon 
Minnf* (unnf Cnwipwny, pout.' » ■miiniiinjiion 

though tins evidence is, it seems to indicate thai an 
alloy containing as much silicon and manganese as 6*>9, 
but far less iron, might tie .significantly better as a 
hase-mt'ial for cathodes to be operated under low duty- 
factor lundi lions. 

B. Experiment II 

The [turjMisc i if the second experiment was to investi- 
gate the dependence on the history of electron (low of 
the rex-tain e and "auivation energy" of an interface 
resistance on a high silicon nickel core. A "sandwich" 
diode was constructed, in which a wafer of (HaSrjf ) was 
compressed I >c I ween two flat electrodes, as shown in 
Fqj f> I he electrode labelled "A't" was of silicon- nickel 
alloy i about S |>erccnt Si), while "A," was of "Grade A" 
nil kcl ilc>- than 0J percent -Si). Two 0.7-mil platinum 
wire [iriitn-i imbedded in the wafer, as shown in Fig, 6, 
permitted the determination of the potential difference 
across Uw interface by the '■double-probe" method 
which ha* been usetl by Kisenstein* and others. 

The wafer was constructed by spraying a coating on 
A* i in three layers with probes between the layers; 
a single layer mating was sprayed on A'i, and the two 
were mounted in contai t to form the wafer. Since there 
was apparently a certain amount of potential difference 
across i In- junction of the coalings, the prolies were used 
only to measure the potential across the A" t interface. 
The temperature of this interface was measured with a 
tungsten -nickel thermocouple, fine leg of this thermo- 
couple was the A"i electrode itself, while the other was a 




Fig 7. Interface 

I - V characleriitk 
iTWKl. 




three-mil tungsten wire welded to the back of ihe elec- 
trode, as shown in Fig. 6. 

In the process of conversion of the carbonates, great 
care was taken to raise the temperature of the wafer 
slowly with l he pressure monitored by an ion gauge, 
to prevent excessively rapid liberation of CO,. This was 
felt to be necessary because of the relatively large 
volume of the wafer, and the small surface area it 
presented to the vacuum. After the conversion of the 
carbonates, the wafer was activated by the passage of 
electron current al a temperature in excess of IlMXfK 
until no further reduction in resistance took place. At 
this time, the resistance at <K)0 K of the wafer (0.2 cm* 
area of cross section, 0.5 mm thick i was atiout a meg- 
ohm. The pressure at seal-off was less than 5X H> " * mm. 

A typical current -voltage characteristic obtained tot 
the A' i interface is shown in Fig, 7 Note the rectifying 
nature of the interface resistance, similar to thai ob 
served by Mutter.' 'Hie high resistance direction is the 
direction of electron flow from the core to the oxidr 
To obtain from these characteristics a value of the 
"activation energy," use was made of the fact that in 
the theory of rectifying contacts, the current can be 
expressed as a function of the voltage by an expression 
of the formal 



i=MT)j\V Dexp(-«4> AT). 



(Z) 



In. i> Schematic <if tanilwit h diode 



where 4> is the activation energy in electron-volts, and 
.1(7") varies as F", where n is of the order of one or two ; 
k is the itollzmann constant. 

Measurements were taken of the current -volt age 
characteristic in the high resistance direction at three 
different tent[>eratures; as few jxjints as possible were 
read on each curve to avoid difficulties with lack of 
reproducibility. The logarithm of the current observed 
at a fixed value of V/T for each of the temperatures 
was plotted as a function of 1/7*. From the slope of 
the best straight Line that could be drawn through the 
three points, the activation energy was obtained. 

The result of a typical measurement of this kind is 
shown in l-'ig. 8. The numbered (win is are the repro- 

H See, eg., Turrey and Whitmer, Crystal Ktetiteri iMrfirt*- 
Hill Book Company, tnc, New Voek, 1948i. p. 77 
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ducibility check points, which were taken with the 

same potential ajiplifit across the wafer after the meas- 
urements at 760°K, K2t)°K. and 87l)°K, resj>ectively. 
N'ole that although the oxide has tended to activate 
during the measurements, the state of the interface has 
ihil changed. 

The lube wjs aged at a wafer temjicraiure of l<wn°K 
as follows: 

(1-50* hours, electrons flow from oxide to K\ inter- 
face; 
Ml\ ooKhuurs; electrons flow from A*! interface to 
oxide; 

ohX hours; electrons How from oxide to A'i inter- 

face. 

The currents thai flowed during the ageing were about 
ten or twenty mkroamj>eres, and the potential differ- 
ence across the interface was altout one or two volts. 
If a value of 10 'cm is assumed for the thickness of 
the interface region, the electric field in this region can 
t>e calculated to have fteen of the order of one or two 
thousand volts t>er cm. 

The variation of the activation energy of the interface 
resistance with time during the aging is shown in 
L'ig. *). As long as electrons flowed from the oxide to 
the interface, the activation energy increased, hut when 
electrons flowed from the interface to the oxide, the 
.n ti vat inn energy decreased sharply. A similar behavior 
was shown hy the resistance, as may be seen in fig, 10, 

111. INTERPRETATION 

The results that have liee-n obtained have posed a 
particularly serious question: how can a layer of 
Ha ; Si( ), fan insulator) at the interface between the 
oxide and the core have a high resistant* aft it ageing 
with no current How, and have a km- rtsistaitif after 
ageing with electron flow from core to oxide? To answer 
this question, whit h I believe to be fundamental to 
the understanding of the behavior of oxide cathodes 
under low duty-factor operation, I will propose a model 
of the interface region and show that it is capable of 
accounting qualitatively for the observations of both 
Experiments I and II. 

Durinv the tin we** of activation of a cathode coalr-d 



on a si I icon -bearing nickel core, a layer of Bai-Sit >, 
forms at the interface by a reaction between silicon in 
the core and BaO of the coating. This reaction is 
probably at least partly resjxmsible for the formation of 
the stoichiometric excess of barium necessary for an 
active cathode. Some of this excess of barium un- 
doubtedly remains in the layer of interface compound. 
providing it with donor centers which transform il from 
an insulator to an "excess" or .V-type semiconductor 
The conductivity of the Ba : Si0 4 in this state is high 
enough that the cathode has a negligible interface re- 
sistance 

The energy level configuration of the interface region 
in this state would l>e as shown in Fig. 1 1 The diagram 
has been drawn in accordance with the views of Slater' 
concerning the junction lirtween conductors and semi- 
conductors, with the a priori assumption that the work 
function of the at tivatctj BajSil ) 4 dues not differ grc.it I) 
from the work-function of the activated oxide, but (hat 
the work-function of the nickel is greater than either 
In all probability, the Scholtky "depletion layer" 
barrier at the interface tn-lwcen the nickel and the 
H.i.SK >i has a negligible resistance, because the bound 
ary is undoubtedly not abrupt, as shown, but much 
more "diffuse." 

As the cathode » aged, the layer of Ha ; Si(), lliiikeris 
to the point where reaction between silicon of the core 
and BaO of the coating becomes negligible The be- 
havior of the concentration of donor centers in the 
layer during the aging will detxrnd on whether an 
electric lield is present , l«'t ause the donor tenters behave 
on the average as positive charges. 

If no electron emission is drawn from the cathode 
there is no elect ric lie It I in the interface region, and the 
donor centers. can migrate out of the layer of interfai e 
compound by thermal diffusion The concentration of 
donor centers in the layer is reduced to the extent thai 
il is insufficient In maintain a negligible resistance 
the cathode has then developed air interface resistance 

If the cathode is aged delivering electron emission. 
an elect rit field dim ted from oxide to core exists in 
the interface region. Field-induced migration of donor 
centers into the layer of interface com|>uuntl and 
thermal diffusion of donor centers nut of the layer ol 
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interface compound *re then in competition. The equi- 
librium concentration of donor centers in the BfttSiO, 
layer is greater than it would be if thermal diffusion 
were ihr only migration process. If the field Is strong 
enough, the equilibrium concentration of donor centers 
is sufficient to maintain the conductivity of the interface 
rnm|*mnd. The cathode does not develop an interface 
resistance. 

The energy level configuration of the interface region 
of a i at node that aged delivering electron emission and 
did nut develop interface resistance would probably be 
quite similar to that shown in Fig. 11, with the exception 
that the layer of interface compound would be thicker. 
For ■ laitiodc that did develop interface resistance, the 
energ* level configuration would lie as shown in Fig. 12. 

In 1 it I 2. the levels of the HaiSiQi have been shifted 
upward relative to the levels of the nickel and the oxide, 
bc<au«* .1 the dependence of the Fermi level (m) in the 
HiiiSt'i, >n the concentration of donor centers. Since 
the rr»i-.t.iiii e of the Schotlky "depletion -layer" barrier 
can Mill be neglected, the activation energy of the 
uiU-n.f - resistance would be equal to *, the energy 
differrtti e in electron volts between the Fermi level (ft) 
and tin- bottom of the conduction band in the Ha«NiO,, 
;is show n in the ligure. 

If ilir cathode were aged with electrons llowing from 
the i. uile to the core, an electric field directed from 
the nit* Ni the oxide would exist in the interface region. 
The in ■■! induced migration of donor centers would 
then Ih it i such a direction as to reduce the concentra- 
tion iti the interface com[xiund, and would aid rather 
than retard the development of an interface resistance. 
Furtliermure, a comparison of Figs. 11 and 12 shows 
that .«> 'tie concentration of donor centers decreases 
and th> '''MMance increases, the activation energy also 
imrea- 

Tlii» ;• r\actry what was observed in Experiment II; 
as king i- the interface was aged with electrons flowing 
from Mii- 'ixide to the core, the resistance and activation 
energy nureascd. The fact that resistance and activa- 
tion fin rjty could lie reduced by the passage of electron 
currrni troni the core to the oxide is also in agreement 
with the features of this model, since there is no reason 
why a low concentration of donor centers could not lie 
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Fig It Energy level syttcm early in life, 

increased by the establishment of field-induced migra- 
tion in the proper direction. 

To account for one of the results of Kxjieriment II, 
it is necessary to modify the model slightly, without 
altering the fundamental features already outlined. An 
examination of Figs. " and 10 shows that the resistance 
is not related to the activation energy by the simple 
expression 

R Q np'rt/47 1 ). (31 

as would lie expected on the basis of Eq. (2). The varia- 
tion observed in R is not nearly as great as would be 
expected from the variation observed in < f > , 

This can be accounted for by the fact that the inter- 
face layer is probably not at all homogeneous, but 
varies in thickness and in donor center concentration. 
Conduction through it depends on parallel conduction 
through many "patches" of different thickness, con- 
ductivity, and activation energy. The ex jieri mental 
measurements of resistance and activation energy repre- 
sent two different methods of averaging over the 
patches. Since the degree of in homogeneity, on which 
the resistance strongly dejiends, can be quite different 
for two states of the interface barrier having the same 
observed activation energy, it is not surprising that 
the resistance and activation energy- fail to be related 
in the simple manner expressed by Eq. (M. 

IV. SUMMARY AND CONCLUSIONS 

The results obtained in this work have shown that 
the anomalous deterioration that occurs in oxide rath- 
odes coated on silicon -liearing nickel cores when they 
are <jj>e rated at a low duty factor is due entirely to the 
development of a high resistance in a layer of IiaiSiO« 
located at the interface l>etween the oxide and the core. 
The layer itself was found to lie present not only in 
cathodes that had developed interface resistance, but 
also in cathodes that had not. The development of a 
resistance in this layer was heavily favored by the 
absence of electron emission from the cathode during 
life. 

Further investigation of the properties of an interface 
resistance on a high silicon nickel core has shown the 
resistance and activation energy to be strikingly de- 
pendent on the history of electron (low through the 
interface. A model has been presented that appear* 
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Fig 12, Energy level system of cathode with interface resistance. 

capable of accounting for all the experimental observa- 
tions, and of providing a framework for the under- 
standing of the fundamental features of the deteriora- 
tion that has been under study. 

The application of this understanding to the engi- 
neering problem of developing cathodes that do not 
deteriorate when they are operated at a low duty factor 
leads to two main avenues of approach. 

(1) Use nickel containing '*** silicon and other impurities, the 
layer of interface compound will be thinner, and will have lea* 
resistance. 

(2) Search for other suhatances that can be added to the inter- 
face compound to provide it with permanent donor renters that 
wit] persist in the layer irrespective of duty factor. 

The first of these avenues is currently being exploited 
by most of the major tube manufacturers, although it 
suffers from two faults. First, there is enough variation 
in impurity content among different melts of what is 
nominally the same alloy that different production lots 
of the same tube can have widely different life expec- 
tancies. Second, the use of alloys containing appreciable 
amounts of impurities (i.e., "active" alloys) is often 
highly desirable as an aid to easy activation of the 
cathodes. 

That the 'second avenue is not beyond the realm of 
possibility appears to be indicated by the results of the 
spectrochemical analyses of diodes that had aged 4316 
hours with no electron emission without developing 
interface resistance. The cathodes of these diodes were 
found to contain far less iron in the "cathode-coat ing- 
plus-surface-of -nickel-core" sample, which contains the 
interface, than cathodes that had developed interface 
resistance. It is conceivable that in cathodes containing 
very little iron, the presence of BaMnO* in the Ba*SiO« 
lattice might provide just such permanent donor centers. 
The dependence on the iron content stems from the 
fact that the coexistence of BaMn0 4 and Fe side by 
side at a temperature of 1IOO°K for 4000 hours would 
be extremely improbable, because the Mn(V~ ion is a 
strong oxidizing agent. 
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However meager the data, and whatever the media. 
nism may be, these results appear to indicate at first 
sight that a nickel alloy containing all impurities except 
iron to the extent that they are found in 6W nickel 
alloy might be a satisfactory active nickel alloy for 
cores of cathodes to be operated at a low duty factor. 
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APPENDIX I. COHSTAHT-COTLRBNT PULSER 



A diagram of the essential features of the constant current 
pulser ia shown in Fig. 1 J. The grid of the 6AN5, which is normally 
biased beyond cutoff, is supplied with flat-tapped pulses from ■ 
voltage-pulse generator. The pulse amplitude u adjusted until 
the current through the diode during the pulse U 50 ma. Under 
these conditions, the potential across the diode during the [Hilar 
i.i about 45 volts. 

The plate current of a 6AN5 drawing 50 ma with 120 volts 
screen voltage and 250 volti plate voltage is approximately in 
dependent of plate voltage When the total drop across the diode 
increase* by four or five volts during the pulse because of interface 
resistance, the plate voltage of the 6AN5 u reduced by the same 
amount, but the plate current is not affected. The current through 
the diode it constant during the pulse irrespective of whether or 
not the diode has an interface resistance. 
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